The storage ring COSY with phase space cooling and RF acceleration is designed to accept protons and light ions injected from the existing cyclotron JULIC or protons from the LINAC of the proposed neutron spallation source (SNQ). The lay-out of COSY was developed in cooperation with the Universities in Nordrhein-Westfalen and meets the experimental requirements of variable and high quality beams which are necessary for future nuclear research under discussion.
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The motivation for the cooler-synchrotron COSY emerged from discussions of nuclear physicists in Nordrhein-Westfalen on future research activities. The "Workshop on Electron Cooling" in 1982 came to the conclusion that a cooler-synchrotron1 is an excellent tool for advanced nuclear research experiments. It should be built at the KFA in cooperation with the surrounding Universities. The three essential properties of the storage ring will be: -high luminosities and very efficient use of the beam in the storage ring by thin internal targets -energy variability in the range of 20 MeV to 1.5 GeV by RF acceleration -very high beam quality through phase space cooling.
Two classes of experiments will be feasible in the first step of construction. At proton energies up to about 200 MeV it will be possible to excite selectively fundamental nuclear spin isospin modes and to resolve the corresponding nuclear levels with the existing high resolution spectrometer BIG KARL2. At higher energies single nucleons in the nucleus can be excited internally and coherent meson production can be studied, processes which reflect details of the subnuclear structure.
The Lattice
The basic structure of COSY is a hexagon as shown in fig. 1 For high luminosity proton experiments the SNQ-LINAC will be an ideal injector which enables t § ring to be filled to the space charge limit (> 10 particles. This LINAC provides a 250 ps long bunch of 6*109 protons every 5 ns so that 20 bunches in 100 ns will fill the ring. This is smaller than the revolution time of about 600 ns allowing stripping injection of H-or kicker-septum injection of protons up to the space charge limit within less than a revolution.
With the injection scheme as shown in Fig. 1 counter-clockwise circulation allows measurement of the forward angles (Olab < 900) with the high resolution spectrometer BIG KARL. Special modifications of BIG KARL are necessary for the most forward angles.
Phase Space Cooling
Phase space cooling will be an important part of the COSY ring. Without cooling the increase of the brilliance (= beam current/emittance) in the recirculator mode6 is limited to a factor of 10-105 dependent on energy and particle. In this mode the beam passes many times through an internal target of typically 50-100 pg/cm2. While the average energy loss can be corrected by a small RF acceleration multiple scattering causes an emittance growth until the resolution becomes so poor that the beam has to be dumped in a beam stop. Electron cooling will be able to keep the emittance of the beam small if the target thickness is typically smaller than 0.1 pg/cm2. This implies the use of very thin targets e.g. gas jet targets.
The initial electron cooling system will provide an electron beam with energies up to 100 keV and electron densities in the order of 108 cm3. It is oriented at the LEAR electron cooler7 and will allow the cooling of beams between injection energy and nearly 200 MeV. The length of the cooling section will be about 2 % of the ring cirumference. An upgrading of the electron cooling system to 300 kV is intended for the second stage.
Stochastic cooling8 with amplifier bandwidths of 200-700 MHz is an order of magnitude slower than electron cooling for the same number of particles.
With the possible development9 of 2-8 GHz bandwidths the cool ing time can be decreased by a factor of 10. Because for large emittances stochastic cooling works faster than electron cooling a combination of both cooling methods will be installed in the COSY ring.
Acceleration
The basic requirements for acceleration in COSY are given in table II. 
Experiments
In addition to the spectrometer target area with specially designed variable beam properties, there are several places in the ring which will be used as experimental areas E (see fig. 1 ).
With the beam properties of COSY a variety of nuclear and atomic physics experiments becomes possible. With proton energies up to 1.5 GeV COSY will be an ideal instrument to study subnuclear degrees of freedom in nuclei.
In the following some of the experimental possibilities are listed: -Fine enerpy tuning for sharp resonances and threshold energies.
Measurement of heavy recoil nuclei and reaction products.
Tagging of secondary beams by recoil measurements (e.g. tagged neutrons).
-Nuclear reactions with extremely high resolution.
-Coincidence experiments with high luminosity and good energy resolution in three body reactions. -Experiments with polarized atomic beams as target.
-Storage of exotic reaction products (e.g. tritonsl?).
-Nuclear reactions and y-spectroscopy with low background and very small cross sections. -Spin excitations in the window of 150-300 MeV.
-Production of neutrons with good energy resolution by 7Li(p,n) or 12C(p,n) reactions at 00 for neutron induced reactions.
-Low lying hole states at Ep = 400-500 MeV.
-Polarization transfer experiments, spin-spin interactions with high resolution.
